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Abstract. Soil compaction mainly occurs when the soil is subjected to various applied loads 
by different types of agricultural implements because of a soil-tyre interaction process influenced by 
several factors (some factors being related with implements technical characteristics and other factors 
being related with soil physical and mechanical properties). In general, the agricultural traffic will 
modify the initial stress state in the soil and it’s one of the main causes for soil soil surface compaction 
and deep soil compaction. This paper presents a tool and a method for experimental determination, in 
laboratory conditions, of soil deformations at soil-tyre interface layer and on soil profile. 
The analysis of measured data showed that the analyzed method for experimental 
determination of soil deformations can be used also in field conditions, e.g. for studies related with 
spatial studies on traffic intensity on agricultural fields. 
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INTRODUCTION 
 
Usually the soil compaction is defined as being the change in soil mass per unit 
volume under external applied loads. So, the initial soil physical properties are altered 
depending on the loads characteristics and depending on the soil physical and mechanical 
properties. 
Under the influence of the mentioned loads the strain and stresses state will be 
changed, so their variation can be recorded using specific devices, e.g. by measuring the 
stresses on top and in the soil, by measuring soil particle movements, by measuring several 
soil physical properties and to develop reliable indexes that can be used to evaluate the soil 
compaction. 
This paper will analyze the influence of several parameters on soil particle movements 
or soil deformations, on soil profile and on soil-tyre interface. 
 
MATERIALS AND METHODS 
 
The research has been carried out at Department of Agricultural Engineering within 
University of Agricultural Sciences and Veterinary Medicine Cluj-Napoca. 
For experiments was developed an experimental device and a method to measure soil 
particles movements under external applied loads, in order to find out the soil deformation on 
soil profile and on the soil-tyre interface. 
The above mentioned loading cases are characterized through established wheel load, 
tyre type, soil initial state, tyre air pressure and the number of passes on the same path. 
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The experimental device [2,4] was mounted on the U-650 tractor and it has the 
following main parts: frame, loading wheel, loading device (hydraulic cylinder and hydraulic 
circuit) and a soil bin (with size by 3000 x 800 x 800 mm). The experimental device is 
showed in [2,4]. 
For in situ measuring of moisture content was used an electronic umidometer 
AQUATERR T-300. Also, the soil initial state was characterized by soil cone index that was 
measured in situ by an electronic penetrometer (FIELDSCOUT SC-900). 
The soil deformation has been measured on the soil-tyre interaction surface and on soil 
profile in vertical-transverse plane in relation with the moving direction of the loading wheel. 
In fig.1 is showed a sketch after which the measurements (in order to get the variation 
of soil deformations on the soil profile) were carried out. Should be mentioned that were used 
contrast elements placed at the soil surface and on the soil profile in a horizontal layers, e.g. 
(1), (2), (3), until a depth by 180 mm (in total five measuring positions in depth). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
RESULTS AND DISCUSSIONS 
 
 By using the mentioned method and the designed experimental device, was studied the 
soil deformation on the soil surface, at soil-tyre interface and on the soil profile, in a vertical 
transverse plain and in the vertical wheel median plain, depending on wheel load, number of 
passes on the same path, air pressure in the tyre, working speed and soil humidity.  
 Following will be studied only the relation between soil deformation - the air pressure 
in the tyre and the relation between soil deformation - number of passes on the same path. 
 
a) Study on soil deformation depending on air pressure in the tyre  
 
 According to the Fig.2 and Fig.3, the analysed experimental data it’s possible to 
conclude that: 
• at a low air pressure in the tyre its sidewall is more flexible, so it supports greater 
deformations than in the case when the air pressure in the tyre is higher tha 150 kPa; 
• tyre contact surface with the soil is greater when the air pressure in the tyre is 
lower, so the medium pressure on the soil is lower; 
• surface soil deformation is increasing together with the air pressure in the tyre, so at 
higher values of the air pressure in the tyre, the soil deformation occurs mainly in 
depth and less sideways; 
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• on the soil profile the soil deformations are related with the deformation of soil 
surface, so the deformations are transmitted at greater depths together with the 
increasing of  the air pressure in the tyre; 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
• on the soil profile the deformations respects a polynomial curve by an order from 
two to four; 
• it is recommended to use the lowest possible value for the air pressure in the tyre 
(and should not be related with wheel load) and to use agricultural tyres with higher 
sidewall flexibility. 
 
 
b) Study on soil deformation depending on number of passes on the same path 
 
According Fig.4 and the analysed experimental data it’s possible to conclude that: 
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• at successive wheel passes on the same path, the soil deformation is increasing; 
• on soil profile, the soil deformation is described by a polynomial curve with an 
order by four; 
• the soil particle displacements are greater at first and at the second pass, after which 
soil particle displacements are lower due to soil particle reorganization in a more 
compacted state. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CONCLUSIONS 
 
In this paper was showed a method for experimental determination, in laboratory 
conditions, of soil deformation at soil-tyre interface layer and on soil profile, depending on air 
pressure in the tyre and the number of passes on the same path.  
The measured data showed a strong correlation between the mentioned parameters and 
the measured soil deformation, being required to have a practical management strategy in 
order to reduce soil compaction due to factors that are related with agricultural traffic. 
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